Increasing consumption of refined sugar has been implicated in many gastrointestinal disorders on epidemiological grounds. Nine volunteers agreed to participate in a study comparing the effects of a diet containing 165 g refined sugar/day with a diet of only 60 g/day on gut transit, bile acid metabolism, and fermentative activity of the intestinal flora. The wet and dry weight, pH, and water content of the stools were similar on the two diets. On the high sugar diet mouth-to-anus transit time was significandy prolonged, despite a shortened mouthto-caecum transit time. The faecal concentration oftotal bile acids and the faecal concentration of secondary bile acids increased significantly. Diet affected neither the serum bile acid pattern nor the concentration. Breath hydrogen tests showed significantly enhanced H2 production on the high sugar diet. We conclude that the quantity of refined sugar in the diet can significantly influence gut function and the composition of bowel contents. It has been suggested that changing eating habits in industrialised countries play a part in the pathophysiology of some common gastrointestinal diseases such as the formation of gall stones,' colonic cancer,2 irritable bowel syndrome,3 diverticulosis of the colon,4 and inflammatory bowel disease.5 One of the changes in our nutrition is the increasing refined sugar intake. In the 100 years from 1870 to 1970 sugar consumption doubled.6 The average annual intake of sugar per capita is 35 kg in the Federal Republic of Germany, 50 kg in Britain and Australia, but only 20 kg world wide.7
It has been suggested that changing eating habits in industrialised countries play a part in the pathophysiology of some common gastrointestinal diseases such as the formation of gall stones,' colonic cancer,2 irritable bowel syndrome,3 diverticulosis of the colon,4 and inflammatory bowel disease.5 One of the changes in our nutrition is the increasing refined sugar intake. In the 100 years from 1870 to 1970 sugar consumption doubled. 6 The average annual intake of sugar per capita is 35 kg in the Federal Republic of Germany, 50 kg in Britain and Australia, but only 20 kg world wide. 7 A diet containing refined foods results in excess energy intake -that is, it is fattening.8 Average calorie intake and obesity are related to the incidence of large bowel cancer' '°and gall stones." In particular, high consumption of refined sugar is associated with the development of colorectal cancer,'2 the formation of gall stones,'3 and Crohn's disease. '4 The ability, however, of epidemiological data to answer pathophysiological questions is limited. Experimental data on the effects of refined sugar on stool characteristics, gastrointestinal transit, bacterial fermentation, and bile acid metabolism are rare. We therefore designed a study to try to determine the influence of diets that are low and high in refined sugar on those functions of the gut.
Methods
Nine healthy volunteers (five women, median age 24 years, range 23-26 years) gave informed consent and were included in the study, which was approved by the Ethics Committee of the Klinikum Grosshadern, University of Munich. All subjects were on a typical Western diet. Before entering the study they ingested 20 g Glaubers salt (sodium sulphate) to attain microbiological steady state conditions in the intestines as quickly as possible. Thereafter they took only 2000 ml/day of a commercially available formula diet (Fresubin plus, Fresenius AG, Oberursel, FRG, ingredients as listed in Table  I ), with the exception that additional water, tea, and black coffee were allowed ad libitum. At the end of the 14 day control period marker studies, breath hydrogen tests, 48 hour stool collections, and fasting venous blood sampling were performed. The volunteers began the 14 day study period by again taking 20 g Glaubers salt. The diet now consisted of the same formula diet as in the control period, but with the addition of 120 g of refined sugar/day, thus increasing the total refined sugar content from 60 g/day to 165 g/day. To keep the diets roughly isocaloric, the total amount of formula diet was restricted to 1500 ml/day during the study period. The mean (SEM) weight of the subjects was similar during the control period (64.1 (5.2) kg) and the study period (63.5 (5 1) Refined sugar intake In contrast to transit through the whole gut, mouth-to-caecum transit, calculated from the increments in breath hydrogen, was accelerated. Increased hydrogen production is due to bacterial fermentation of lactulose in the caecum. In cases with bacterial overgrowth, however, it may also be caused by fermentation in the upper gut. An early peak of breath hydrogen followed by a prolonged increase in hydrogen corresponding to the passage of lactulose into the caecum is characteristic for bacterial growth of the proximal small bowel.29 We did not observe this pattern of hydrogen exhalation and, in addition, fasting breath hydrogen concentration, another marker of bacterial growth of the intestine,30 was not raised. Analysis of the area under the breath hydrogen curve showed an increase on the high sugar diet, indicating altered colonic bacterial fermentation."6 Thus breath hydrogen testing in subjects on a high sugar diet showed faster small bowel transit and ralsed fermentative bacterial activity in the colon.
One of the many enzymatic actions of intestinal bacteria is 7-a-dehydroxylation of primary to secondary bile acids. Altered bowel flora may lead to an increase of faecal secondary bile acids,3' as we observed on the high sugar diet.
Bacterial conversion from primary to secondary bile acids depends on the transit time.32 Thus the lengthened whole gut transit time on the high sugar diet may also favour an increase of secondary bile acids. The raised faecal secondary bile acid concentration was not accompanied by a decrease in primary bile acids, but it was associated with significantly higher faecal concentration of total bile acids on the high sugar diet. In previous studies3334 pool sizes tended to enlarge on a diet with refined sugar. Bile acids that are deconjugated in the upper small bowel by gut bacteria can easily pass into the portal blood and therefore be recognised in the systemic circulation.'8 Indeed, raised unconjugated serum bile acids have been described'8 in patients with intestinal bacterial overgrowth. We observed no changes in the serum concentration of unconjugated bile acids, which further supports the breath hydrogen findings of a bacterial growth of the small bowel not affected by the intake of refined sugar.
This study shows significant changes of gut transit, offermentative colonic bacterial activity, and of intestinal bile acids in healthy subjects fed a diet high in refined sugar. Whether those alterations have a patho-physiological role is not yet clear but has been suggested in epidemiological studies. 
